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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic EL element 
capable of efficiently injecting electrons from a cathode into an 
organic layer and fabricating in high reproducibility. 
SOLUTION: An anode 12, a hole transport layer 14 as an organic 
layer, a light emitting layer 16, and a cathode 20 are formed in order 
on a substrate 1 0, a mixture region 22 in which an electron injection 
material 18 is insularly scattered in a cathode material is formed on 
the interface between the light emitting layer 1 6 and the cathode 
20, and the interface of the organic layer is partially covered with 
the scattered electron injection material 18. The electron injection 
layer 18 contains a compound of alkali metal or a compound of alkali 
earth metal, and formed on the light emitting layer 16 by 
simultaneous vacuum deposition of alkali metal compound or alkali 
earth metal compound and the metal cathode material after the hole 
transport layer 1 4 and the light emitting layer 1 6 are formed by 
vacuum deposition on the substrate 10 on which the anode 12 is 
formed. Constitution in which the electron injection material 1 8 is 
dispersed in the whole cathode is also applicable. 
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(57) [Sti] 

£*s i o ±tfiiei i 2 . %mm t bt ie 

dfl«Ji£» 1 4£efcV3BfeJi 1 6, B«2 0#CO«tJB 
fiE^Jv 1 6cDPi«i2 0 fc ©I?-® 

*U 8*s^JSPiffi«*4*^AttC^?ELfeM^«a2 2 
OTBJ*S*U AttOt?ttAtr»l 8 ti-DTtil® 
!?®£a5#f$CM5o «^Fi£A*mi 81*. TWftiJg 

acDft-^feSfeJir;!/* u±«^Sffl'fb-^ti*^x Si 

fiSl 2CDflM£ftfe«t£l 0±CI?SIf t<t D IE?Lii 
i£Jil 4*J:iMB#JHl 6£J{Jf£Lfc&. TVi/fcU&JB 

m nitre as. 



*3=&A»» 18' 



—^20 mm 






4 V v> *C * — 

X X X X X 



22 mem® 

14 IE?ltt3IJi 
H2 SBtt 
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MM 2 0*0 0 - 2 4 3 5 6 7 ( p z u 0 0 - 2 4 3 5 6 7 A ) 



^fettT^i/* v ±m&®it'&vn£®-fr&)icwt>tix^z 
& « t 71/ * 'j ±m&m <t-&® £ «t o x uft m £ a t> n * 

m?x-$)^x, 

mz i o r gu^-eg \cm fotiT o a c t & &m. 1 1 z> 
[^©^Mi^ra] 

[0 0 0 1] 
[0 0 0 2] 

[«£#©&«] StE±icBffi, *«Mb^»©»*)Bx Pi 
&tZZtX-ft%.*:mz.ttiMVLm : f-tf9i\t>1xX# 
[0 0 0 3] fl»J^.(i!l$M¥9 - 1 7 5 7 4^* if 

© tca^a a b * ^ w s c i. ^ v^s o 

[0 0 0 4] El 1 7 1±, ft&SfJ nfc^^s^^*^? 
©e?fJ$£7f>UT^3. S«4 0±CI±, ITO (Indium 
Tin Oxide) mfrhttZmW^mZ 0, #Wb£*fr 
*>fc5IE?Liij& , i3 2, *1llfls**fr&fc«»*Ji3 
4. m?ttA«3 6. &JB&ffi3 8#CI©«"CJfcj£!*n 
TO*". S^&AJf 3 6 t LT'±, t^au^m**™ 
*U±!IS&/S^irffl<b^> Wxii? Wb'Jf-^A (L 
iF) , ^yfls^'J^A (BaFj) , 7»fcVjf*J/ 
*A (M g Fj) > Kft7^i"5A (MgO) fcif© 



fS3JCCinS:ei»T»< (0. 5~1. Onm) JfML> 
BUS 3 8 *> ^©ft^APigfcfiTS-effimffiiBi&fcfi 

[0005] iffliowtii, mm& m?&xm 

3 6) *s^fi|3 8 h*Wb^a©P^IC#«-rSCi:lC 
VH*JB) #*&{bb, PUS3 Sfreom^&Atfgatc 
[0 00 6] 

[$£S'J3#j8&UJ:-5 ffSPIH] UfrU @17ffl<ta 

cs^aAS3 e i:Kiii3 8t>t>mf&znz=-m&mm. 
mmizn^xit, n*&xm3 Gommmmifio. 5n 

[0 0 0 7] HI 8©*3fc*^ , *ffl*»'*»ivt 

ti^&JBm* K-tfV^bt t*-fcr>^B£* r ?J#U & 
M-f 3 4ti#t5-i:TN *Wb 

[0 0 0 8] bfrU *«fl3^«*CK-tr>^Slife 

.csfcv^asfiiajiKtf, iEnmmmtft*,m<o%-W£x--? 
[0009] *^B^ti, mmt'&'vn-frbKzftftM^-® 

[0 0 10] 

[^®*^^-rsfc»©^ss] ±§Baw*^-r5fe» 

?T-feo-c> giia*#ai:Buieii«it©^ffl4T;i/*u 

[ooi l] ^ ^{c^^fflSiJcu^tijoits^fSttts 
mizmmznxmi&2nz>Gmn%-ftftm : irx-$>-ox, 

BuiB^ail i: HutaPafiS t ©^ffl^fiSttWK ^1? ?i A** 

<t ^> T f$#B«J fcfi fotlT v> a c t x- & a o 
[0 0 12] a±©<t9t^ *^WT-(±S^ttA«^ 
(0>j^.«s T)i/$> 'j^JS©{b^%*fc , ir;i/*'J±«^ 

•s©^b^) * s , Ptfii t nmttum ii©#ffi * gfi^wic 

©KSiis^^a^faTb^ ^'SPiBi^^s^ra'N©^ 
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2 (TOO — 2 4 3 5' tTY (i> 2000-243567 A) 



10 0 13] *#SJl©3iffi*SI5#l$£&? i a £(B& b 
SfcttT^* y±8&Ji©<b£t»fc£^!$£^»-r£^ 

^rti* Y-\z>yrzm-&tmte!>. mmmm^tz^m 

[0 0 141 *IBW©flb©^«Stts Sffi±tCB§fiK. SSft 

fiSii©#@*sT;i/*'J^M{b^*fcliT;i/* y±«& 

fi8#£JBPi8i*t*4* C7^A U^H^b-&^*fett7;i'A 
'J ±!®&JiHb£-tl# AttKfl-m bt n-C V> £ C i: 

[0 0 15] ±I2r;v* y&Hfb£-$&li: Ul^ 
y£S£^T-^fttf£©«fc-5&'fb-£-%K ££-fb 

Ca, Cs, Rb©7 9ft»> KftftK *flS*U «fls» 
©i?*vr-*<fci'>o 

[0 0 16] St, ±«B7 > >i/*'J±*&JIMb^»kb'r 

Mg> Ca, Sr> Ba©7yfl;*U ffifb^K *<b*U 
ffit{bt)©i?ftT-4><fc^o 

[0017] tt«©£»»fcfca&j*a«*mi:uT 

Jis 0Jx«s Al*Ag4mJfflt-#Si. Avu C 
u, Crfc if ©&«#«« oJbITn ITO^ 
ZnO^©iSW«fiR?:ffl^t i t)iV'>o £tz, HH©M* 
«U 5 0 nm~ 1 0 0 0 0 nm©36B _ eft;ftli«kV , >o 
[0 0 18] B«i:*«»OlHB*«^»ta3 
fttt©T7u* y ^Mfb^i fct±r;v* 'J ±»aaMb£- 

[0019] £tzVnmtmm®t<Dftm3u*m&*»5Ui 



0. 0 1%W±Tv ^SHeii:bT©«ln;** s jiiIE±iS 
[0 0 2 0] 



[0021] mmmm 1 ] na, 

2, **MfcbTIE?Lfgi>£«l 4*5<fcV36*«l 6, R 

M2 oifiz<Dmfcfef&£tir^&o ftitm 1 6©n8i2 

0fc©Wffifctt, «^i£A*mi 8#&®Pifii*m*fc: 

I 8 t ,£^T£«Ji©^®#as#WlC&feftT^3. £ 

fe, ccfttt©t?axtt»i8tt, r;v*'J^H©ft 
y±M&Ji©<b£-t> : £^A,-t-i>So 

[0 0 2 2 ] «•? &A*m 1 8 *sfttttl^-r Sil^rM 

1*221*. rms 1 2 ©jfM^tifeSfc i o ±izn&mm 

II 6£fl£f£bfc&, |fttt?7;i':by£JH<b£tt*M£ 

ceDJ:dftfi^««2 2*»jf«L&», T;i/*'J4JBfls 
^tf&SfciiTVV* u±»^JBfls^«i.»»03K**± 
£J!lg®&*4©^£^T^#£fT-5-i:T-x 01 

[0 0 2 3] 0 2fcfc, ft3fcffl£5tc£*8Ji±fc:fi?i£A 
i4Ml/fel§0tr;i'k, *SIMimffil©<t^C^ 
JtS ^^ ) BSii©#ffltW'?^A$f<N-* s Sttfc^tt bT v> 
£Jt££:fctt3^7 i -'l/£*b-T:^5. f^AMhl 
T7J1/*'J4M6«, fttfcMMbU*-** (Li 
,0) fcfflVfc&^CfcVT* 02 (a) ©«fc -5 
©*f$Jl±£JlttCL i, 0**i«f5i:x tttt©3lv^ 
L i, O^Wfflffilt*S^l: + t>-fe;H-S idt 
E5Ub, L i, 0m±fotLT<DmmZte<K2>o 

[0 0 2 4] CftCJtlt, 02 (b) (D&olC%mm 

S^©®i4#*-\'>-b-'l'£iX'5#, S©^T-J±, ^JS 

(0«i«Ai) %mmt. «?ttx*r»T? 

fc5L ij 0i:* s Sv>t:fiEbfc3fi^* J ff^^tiSo d 
«31MKIt Art«a«fcJt^TLi,O^PI 

«KS4A 1 i:*^Jii:*sSbTV^SgB^*•t•^!)S*S^^ 
To &JBHfii*mAli:, *«8)Ii:ASilSSbTV^5 
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#M 2 0 TO -2 4 3 5 6 7 ( P 2 01 0-2 43 5 6 7 A) 



(Li,0) tffc^fcto, ^MHiWAUtaii: 

[0 0 2 5] i??iA«Mi:Ut7;i/* y ±S£JS'fb£- 
«9*ffl^fe»££*>> ±130 2 (a) , (b) tmm<D 
&%\ztji&o oi!)> r;b*u±!l^JSft^ («*.« 

B a Fj ) £JHSJCif*bfei§£{Cli, 8it4©SliV>Ba 
F,^-^* s fiBttS: :3 r1'>-fc:^t-SJ;dCiB^Jb. BaF 

»±lCBaF J t:i,ttt:^ffi^-y-SCi:JcJ:t), &©« 

%.®ft\zn^x&m&mttmAi ttiitBaF, # 

S|-5 31MM?n, BaF|©ei14#$itV>i;g;*t 
ftSftSo -flt> «&«©$)&#, t>-u>t)<Dtilsb& 

mmmtmA 1 t^«* J «««uTv>sgi5^tT'^m 

£#«U &^hbTJ;0^imcAlfc£tSB£it*?r 
[00 2 8ltt±©i3C, W«*i:Mi:cD#ffiC, 

iaonaittffli" h^jgc ia|gii&£#{£TbT, 
ii**«e LS?#ft&tis. sec, jK^-eaiM-* 

5>a-;i'itfil>4<4!), fil?fflft#f*rtb* 5 EI*>ft£. 
[0 0 2 7] CfcV'T, Piffi2 0©*mi: 

fl&; Avu Cu> Crfc£©:£JS##Jffl°Jt&T-ifr'K * 

fe> W.&mt&2 2 £$t?PS<S2 0fflJ?£li, 50nm~ 

1 0 0 0 0 nmgJKffl«5HT-fctlH«kV^o 

[0 0 2 8] S^M^2 2K::l3Vvt*H*fc#*S*tS« 

^QxttntLr. y&jsfb£i&*£Bffi-rai§ 

Lis Kv Ca, Cs, Rb©7 yfb$K HMbftU 8Mb 
*k ^b»©£ft-e*>£Sffl"Ji6T-;&3. tfcs.RUm? 

feSMgx Ca, Sr. B a©7 vit®. &fb$l, t&ib 

[0 0 2 9] PitI2 0fc*«tf6#Jll 6i:©^ffiT-^« 
•fS«?^A«i|eHiv 1 6©affiC*t-f5& 

0 0%*«Si:*S«tdC*^^ra 1 6±fcS 
fiKStiSCi:T-^mS:^t- S. «*«3S#JI 1 6 \cMT 
S&g^ttO. 0 1%W±9 9%gJSWTi:t-S^i:* s 



®{b^©ri^s«x o.oi %w±t-> &jb^<s©}£ 
■*-n««k^. i?axaist 1 8 ©g^a^s^ji 

SVS^?iAtt^©S««l)SS*^S-rsci:H«t Ox 
ffiit© (1 £ T Z> 3 i: #T- § 5 o 

[0030] (fUSfctfij i - i ) ±ia*Jt»« i 

1 - 1 CoV>Tfi54W^2>. SIR 1 0 t LTlix 

tiL MSI 2J:UtttIT04SfflU, SiELlfffl 

f|s«fc*feoT«\ ill 2T-i&*ITO#i^<*- 

4b^ttM) » &6*. r-feh>s x*v»-;i/0«ttJiH*tt 

iToaai©*«iiS!ii!*ft*»*t- 

[0 0 3 1] JS»SEBrtC, S^* tt*fllffl 

JUSJiSJl 1 4 hbtfb^sS (1) CSn?ftTPTE 

( h >j 71^7 5 > 4 S#) . Mmftttm 1 6 h bT 

<t¥& (2) c^-r .to^A i q (*;^-*7r/ 

©Altgft) 4C©ItMlfe. fi)t§lb-H±, 2~ 
6 nm/m i n Cgg£ bfc„ 



[0 0 3 2] 
lit 1 ] 

Me 




Alqa 



Wtl/TAUPBN^^^^O. lnm/min 

(ommmm-c. s?aEA»^fcbTLi,o*Ta#- 
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WftWLLtzm-&&Wi2 2*0. 5nm©)P$tCffMb 
©±£ 1 0 nm/m i n©i£fgj8KT- 16 0 nmlf b 

to 

[o o 3 3] &m<Dmwizffi\^ sxio- 7 

TorrW~F£tS5£bfco ©S8ftffl*»i 9 m 

m 2 hlfc. 

[0034] u±.<d&okl LxmbixfcmttmMftVf 

LfclSiR* *f«Jl©L ij 0£«fcS»a*tt. 5 0%-E 

[0 0 3 5] hb$8^Jl-li:bT, Li,0*EI 

1 7^^-r«ko«:JitttcO . 5nmffli$tMl/< * 
ffl±t8IfcbtAlS 1 6 0 nmJ58MbfcSi : P*tf s K 
Lfco 

[0 0 3 6] ±iffi©J5Srcf1«Lfc*lfc«l - lfcitf 

tSfflbfe. Sfe, fi)lffl* ! 2 4 0 0 cd/m 1 l:% 
[0 0 3 7] fffllglRi*. 03, 0 4*5 £#0 5 fcTjs -f 

ft mm) -wsnsE («M) *sttfcBbttt» itmm 

^KBW 1-1 ©W^E L 

*?utt, «*#ft%±#*«ffia | 3v««fi;v^. * 
M) wtttHu-cau jt«« i - 1 fcMLmmm i - 1 
til. 5<jges*i«<x B«*«JS««-e**IS«i- 

5t^^*«EL^?©«*»jK mm -mmms 

mm) ftttCMbTii, WJ88?Jg*2 4 0 0 c d/m 

2 hbfch^cs?*©^^* 5 * jt|5:0U - l©«^ : ■ 
#7l$HT-;fc£ffl£*^U 1 - 1 ©fft^T-fct 1 8 
Kf^ i: 2 <g«± C rt± b X v& C i: * . 

[0 0 3 8] (Xflgffl 1 - 2 ) *X'*M 1 - 2 ©**8E 

Stltr^A'Jiiilffl^ft (B a F 2 ) £E>/> 
TV*S. 

[0 0 3 9] S|g 1 0 hbTJi, m 

mi 2 i:bTJ±I TO^SfflU ««ELI?©fWt: 
ftt^ttt, Bgl2-eft5IT0<CW^->-> 

«T;u*U*»«l"b5 3i'y->5 6 (7;i/>>?-fli*a 
IT0»ffi©«««**K*l**-r4fc» 

bfco 



[0040] aMremc* w^*{c-r*Mfflffl 

dFL«ii^« 1 4J:bT±Bfl5« (1) ©TPTE ( h »J 

(2) CStAlq (*>"J/'-;i'7^0Ali 
fc) fcCfiDIIKlfcfilbfco «Hl/-Hi, 2-6 nm/ 
mi nCf&Sbfc. 

[0 0 4 1] a£tp£Tv***EMS««ifflfcifc 

jfeJBB«»»fcb-CAl*PBN;i/y**e»0. 1 
nm/m in IfffiXWtbTBaF, 
£T a*— bfr?> 3 nm/m i n©*i*jSKt*Jt* U 

w«»*ei 6±^> 6i»a»»i'C7^* , j±*4 

Bfli^*l##1Rb;fc«£***2 2*0. 5nm©J¥^tc 
JfMbfc. 

[0 0 4 2]1^2 2M> BaF,©*»*Jh 
«K A 1 *I6iS2 2 ffl±C 1 0 nm/mi nfflil 
MS.X 1 6 OnmSflfc. 

[0 0 4 3] §IfflIfCISU 5X1 0- 7 

TorrtlTCHSbft. I?®«*Mli9m 
m 2 t bfeo 

[0 0 4 4] tt±©*3fc*fr'*fl ! «l'******# 
«fbfcfii*x *«IJB©BaF,fc«fca*«*tt. 50% 

[0 0 4 5] J£tt«l-2i:b"C, BaFj*Ell7© 
i^ilttCO. 5nmfflf$Cllb> *©±CBfiS 
tbTAL* 1 6 0nmfiKKb&IR?*#8lbfeo 

[0046] ±je©#*-cft«ufc*«* 1 - 2 * J:W 

Jt«««Jl-2t*A>4^^EL^?Cov>T> +#JCg 
IIilfc?-t>^-rtt% SAMMMEfcftXJHft* 

*»tbbfc. *fc» fflM* i 2 40 0 cd/m i t<t 
8iiC*?fc*«taAU ffS©ffi»Sffi«c?¥St) 
SJ^bfc. 

[0047] zti^om^-owmmma.. me. mm 

<tTJ t H8C^-r<t-5C*o&o lf> 0 6t^t#«E 
L^^fflSsSt^JK («EW) -WSnSEE (*«) WttfcH 
bti±> tt«E«l-2«D*«|EL*?C»U £ffifll 
-2®SiELI? (IttOBaF)) ±j£©*«lB 
»«1 - 1 fcPMU m»!tA s ^t>±* J 4mff* s 3 VfiSfi 

StggK («M) WttCHbTJ4, lt«flll-2C»b* 
JE0H 1 - 2 ©*^SE Lm^©7^* s ii6V^^%*^J^* J ^# 
?>nfe. H8CSt**E.L*?fl)»*»lt («R 

M) -Klft^P^ (Mtt) KffiCfllttt, «JSS»S*2 
4 0 0 c d/m' klfei:l©ffS©*iS*W> ttK 

i - 2©^^t* i ommx-S)?)<oizML. mmmi- 

2©^^t?tt3 0KfHi:3^fel±t:iql±b-rv>SC:i:<)S 
[0 0 4 8] [HfflM 2] 19 2 



- 5 - 



00 0-2 4 3 5 6 7"(P2 0 0 0 -243 8 6 7 A) 



[00 4 9] £ c «*;Ji 1 6 ±tctt, &mmmtt& 

8#Jbttt#tabfc?g^Paf£2 4# 
JfM£tu f6#JI 1 6©rS£H@2,4 i:©#ffi«, ±j£ 

[0 0 5 0] ^©*-5*il^l9ta2 4tt, *f*WS 

lie) *ra«Lfc«L T^*y*Mflj*«i*f***fctt 
a. 

[0051] «?ts**m i 8 1 hXT)iiJ ] ) &m<t& 

'J^JSt-fcSLi, K, Ca, Cs« Rb©:7yflS«U 
ftftittu *fll», gHbtJ©£tlT-fci£ffl°Jt6T*i&3o £ 
fe, «^£A*mi 8i:bTr;i'# , J±M£JHb^£ 

suits®. a^As^an?* *<* mxit. 7)1* v± 

SMtfeSMg, Ca« Sr. Ba©7«y<b!$K &<b 

[0052] &*Ji 1 6 ©affl^^s -r sm^&Atm 
■i8tf»»«t83*fi#ft*^ mmytm 1 6 ©e^ 

aX»».18Ci5M#ttlOOX**J:&*i5C 

0. 0 1 %W± 9 9 %iaWT«ffl^tfe5. 
[0 0 5 3] a£B«2 4C*Vvt, &«l«fi** 

;w* <j ±»&«fls£*©*£*tt* o. or/otm-, 

&JiPi^©ffitt*A s SIIE±fK£@;ifcv , >5 0%WTfSS 

[0 0 5 4] M£Ptfii2 4©^SH«i»*4ii 0"J 
Atf, -jft«fcAl*Ag&£a 5 *IH"t?8*«b» Au, 
Cvu Cr%if©£JB* J *Jffl°Mil'£fe»>. *©ftITO 

2 4©J?£I±. 0d;t«5 0 nm~ 1 0 0 0 0 nrnglffl 

[0055] ?msm 2 ict>v>t. &#Ji 1 6 (Dm&m 
®2 4i:©l^ffltc> Bisojidtr;!/*'^*^** 
T;i/5bU±S^aib^%* s ^ffibrv^ci:K:<tt)> ft 
mfrbftftm 1 6^©s^ttx©aMa<)©SA j T* s s^ 

ommmmifi. %mm 6) ©jwafcHaasn 

t, *n«6}gsi2©<fc-5fc^JBPi®«^*cm^aA» 

&##St-f Sl8fi£<±. 'tt*©*#EL^ : F©«tot:«^ 



[0 0 5 6] **«i»«2-ett» ftftJH 6 tORffifc 

tt-e&<> Steffi 2 4* cs^a^ct;^^ 
Ilfli^**fett7;i/* 'J ±8£JStt£^* s #fKbfc«jig 

*i:So m&&m2 4«, ea i oc3**-j:$Cx 

ittim»»kttLiF^ SrF,«8H 
U, ^IRfl^i: bt A l'tRffl l/fei^ tttftflig 
4i:aAl©!|Si#*Jg-CPi112 4©«rt^7k J f>^* J @ 
Xt5^ ^teitSLiF^SrF^tfC©* 
❖^=£E«rf t£-o-C> C©«fc-5fcrl"£-^fei2 45: 

1 6©!^BC$T-i'Jji-r£C:i:#Efi±£*iSo 

[0 0 5 7] (±US)ip?,AlH©^ei»^*^ 

L i F^S r Fi*Oi?ttA«»##ft I'f v,8i 

[0 0 5 8] #*JfiJ&18 2 ©iim±* JU-t©£-5fc#ffi 
Jf i:iii?#$:£<bbx fH^tfrtflK 

[0059] mmm 2 - 1 ) ±ib*jwb» 2 © 

*I50IJ2- ltov^KWtS. StRl OhbTBu # 
IWS1 2J;UtiiIT04«fflU ^©*« 
EL^?©#Stfefe^-C(i> Hfiil 2t-S5IT0*i 

®^7^*«4*«l7;u*Ui5E?fffJ-te^3»U->5 6 
JiT?iB**«6J*«» ITO«1BO*IIS«*II***'*" 

•fey b bfco 

[0 0 6 0] *C, *Stft«IIffi©?^^*8t 
A-j|«>4oKttJ*CJ:t>s W«Jfi:bt\ ±!3<b 
(1) t*fJ:5«:TPTE*:if<(>6*:4iE?LIIS 
11 4, ±!E<b^5£ (2) CwtiiftAUftJ;*^ 

«a«*ei'6 4c:©«-e««bfe. BE^i^-btt^ 2 

-enm/iinfffofe. Cd^T-(i> 1 - 1 

t|B]»©^)lIt-S.2). 

[0 0 6 1 ] K^*T-V^^*H«iS«ifflC» 

LiF^Ta^-hiPe-O. 3nm/minOtt« 
JtJgT% AUPBN^?"!?*^ 1 0nm/min©it 

[0 0 6 2] §«©J&fiEC$)feO; K^JSJi. 5X10 
■'TorraTtfTffe. *^ffl»*ffi*» 9 m 

[0 0 6 3] »e>*ifc*?0>fli»#*f*ff-3fce 

18^1 6©LiF^<t5^®*tt. 10%T-fe-p 
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MW2 OX) 0 - 2 4 3 5 6 7 CP 2 0 "0 0 — 2 4 3 5 6 7 A ) 



[0 0 6 4] ££Ctt80H2- 1 fcbT, LiFSil 
[0 0 6 5 ] ±j£©*ffiT-#ISbfc«lif50>J2 - lfiiV 

e&bfc^w-rtT-, i:»Ms»8^ ep 

2m«ff^#gft«i*©H&4?9l£b, »*»*fc^T* 
HtUbfco «JWff£#2 4 0 0 cd/m J tcft£ 

£bfe. 

[0 0 6 6 ] 9¥<B*S££0 11-013 CwT. H 1 1 
c*r*«IEL*?a)«*aK (««) -EPio«ffi (* 

tt) ©«rttfcHbTH\ tt^CT 2 - 1©£SSE Lfg^C 
*fU *ffifi»J2 - 1©£*SE LIK-lt S«A 5 aL*>± 

A«a«E*«3vea[fi<«toTv^*. £t> 0i2}c^ 
©m^ i 5 *>mmm 2 - 1 ©^©^j&s&fta** 5 ^ 

(HEM) -IKftlSW ©WttCRbTtt, *JJ8ff 

ft£ 2 4 0 0 c d/m* t bfe i: ^©iBJKffl^M^tfr 

ifc«0J2- l©*R?#4«fl8|-efc3©£*tb-t* * 
S&0IJ2- lffll?t-tt3 0B*irc»?K 7~8«tt±C 
|rI±-T5. 

[0 0 6 7] (*««2-2) £JB«2- 2®tiEL 

<J±a*JB©fli^* (SrF.) tffl^fc. 
[006 8] Ml 0kLTli> mm 1 2 

fcUttl TO*#WU £«E L^Tffi#SiCS)fco 

"r^*#5**K*H^&« *bt, c©g*££W8£r 
H) v *>6*> 7tb>, i^y-;u©HiT-iS#?fia?t 

ft, I T 0«ffl©««jStWS^*t^fc»^> UV 

[0 0 6 9] ^ m^x-^mmmco^7,'i7imm 

(1) ©TPTE&ifa»6fcaiE5L«jaiJS 1 4* ft^5$; 

(2) ©Aiqfc*ra»6fca*#Jii 6*c©«-c«* 

Ufco WL'-Ht 2-6 nm/mi nt-ffofeo C 
CStli, ±i3^«60d2- 1 k^c-e*5. 
[0070] ^e©^x K^fft-v^?4lMliffl^i 

i SrF,iW7-(7^>Mi i e>0. 3nm/mi 
n. A 1 4 P B N^yiPiPft 1 0 nm/m i nCilS 
JgT% 1 6 0nmMl/fc. 
[0 0 7 1] &m(DMl&&< l tt. bT> R^Sttflkffl^SS 
{Hi:PHiC5 x 10-'Tor rWTT-Wofeo sit 
^©^Jtffi^tt 9 mm 2 i: bfe. 



[0 0 7 2] i#£>ftfc£*SE LJR^ftMJfi^WLfclS 

trne^ii 6©srF, 10% 

[0 0 7 3] J±®t0i]2-2i:b-t, SrFi40 

1 7©«fc-5&Jil*CO. 5 nmOjP^CfiSBSU £ £ 

Al«16 0nmiSIlfe«iELI^8L 

&. 

[0 0 7 4] ±jfi<D*iST?ff*b&*Ji«l2-2*J:V 
ttWH2-2fcfr*3*J*ELJir?fc-3^-C, 

WiP«ffii:**ffKoH«*S!l«b, ^*??b*C^v>7: 
fcHtiSbfco tfe> 40MfPKtf2 4 0 0 c d/m 1 Cfc 
S<fcolC^^t*«t*riAb, ffS©K«jmJEE«c#tt*» 

[0 0 7 5] fpffil(S*40 14-016 CtpT. El 1 4 
C5*f fcHELjlTFOfcatWK (IKM) -WJJ0«ffi (« 
fill) ©WSCRl/TB, tb*«2-2®* : Ffcit^ * 
Jffi«»J2 - 2©m^t-«, ««t©:&*>i:#3Sffi* s 3 VI 

2 - 1 ©W«E L)R?<D4MJRX*l*tfittK#l 2 - 1 © 
**EL*?ffl»*J:l>*tt2tel6Ltb"C^*. 

jc, El i ec*tir«E lju^cdjumme mm) -m 
mm® mm) t©n^-t-«> 2 4 0 0 c d 

/m'tlfek^fflSIfflW^ Jt*«2-2© 
^^*5 1^P^-CfcS©C*fbT, *«S« 2 - 2 ©Jlt^Tf 
fcfc3 0l$IBfc**fc:i6!±b&. 
[0 0 7 6] 

[&$©#«] UlBSbftiiC, ifflMC^^t 
i±, 'j^Jl-fb^^r;!/* '^s&JUb-a-^&if 

[Hffi©«*«:KW] 

[Hi] *»w©*js»»i t-^sw^E hm^-om 

[12] *«W©#«EL^^*5<ttJ c ^*©«#EL 
|R?©«?aAJiS*^riR^0t?»S. 
[0 3] «flS«l-l*J:tfJt*«l-lt«***l 

[0 4] SIJEffill-li3<ttJ'Jt«« i> Jl-l^^S*# 
E L^?©^!Si^^*i:«^Sgi*©^tt*^^^ T * fc 

[0 5] SISfiWl-l^.fcT/JtgiPl-lt^S^^ 

[0 6] filial l-2*5iVJt»^Jl-2tC»S*^ 
E L^?©S«tffiSi:S3lJP«E© ! Rft4*^^0T-fea. 



20.00-243 5 6 7 (FUUO 0 -2 4 3 5 6 7 A) 



[0 7] HJti^J 1 - 2*5«tVtt®E0>J 1 - 2 £{63*«S 
E Ljit? ©&®&#®^i:ft«£®«©1fl4*^-r0T-$> 

[0 8] *«m-2*J:tftfclR0!ll- 2 

[0 9] #&l8©il«EmSg2C&£#«SEL5il^©flt 

fi££*-f0T*i&3o 

[010] *%W©^SEff^2{C^S*«E Lsit^ffl 
»fil©«^*^"f«l^0"?*S. 

[011] SIMfiSJ2- l*3<fcVJti5^J2- lt^S* 

«e Lm^(Dmw.m&tmmm& ©ifi4&^-r0t-$> 

So 

[012] HJ60IJ2- l&itfltigtt^ - l£&-5£ 

«se L*?©^^*^*i:satSJSffl^tt*^-r0T- 

$ o 

[013] Hflt&W 2-1 H&TfitMtW 2-1 H^S^ 
ME Lsii?ffl&fti»JSEffliKl&l$F^#«£*T0T-;g> 



[014] HBS0II2 - 2iJ<ttflt^ff>J2 - 2tC^S« 
«5E L^^©«gtffiai:BiJraSE© ! Hftt*^t-0T-* 

[015] mmm2 - 2#xvit®m2 - 2c«s# 

[016] mmm2-2#±vtt.®.m2-2ic&z>ti 
sse Lm*<Dftft&mom®mmfc&&zm?m-c& 

[017] ft3fc©*i«SE Lm?<0®I&*7rs?®X-& 
[018] 017 hliS'JOft^cD^WE hm^om^ 

10 Xzrxmfo, 12 14 IE?L«i^«, 1 

6 %ftm. 1 8 S?y£A»*4, 2 0 2 2 

tI^tS^ 2 4 m&Pi&o 
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4318 2 6 .0 0-2 4 3 5 8 7 (f 2 0 0 0 - 24 9 G 0 7 A) 



[03] 




— & — *««i-i 

UaO<0.5nm.JBtt> /A*(l60nm> 

O — S5J6«1-1 

Li2O+M<0.5nm,»ttU2O)/AI(160nm) 
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&m2 d.O 0-2 4 3 S 6 7 (P2 0 0 0—2 4 3 5 6 7 A) 



[05] 



JMJGW* : 2400cd/m* 
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operation time (Hr> 
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applied voltage <V) 
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current density (mA/cin 2 ) 
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2 6.0 0-2 4 3 5 6 7 <F 2 0 0 0-2 4 3 5 6 7 A) 



[07] 
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current density (mA/cm*) 
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ffl*J*f* : 2400cd/m 8 




> I nun 



i i i urn 



_i i i i mi 



0.1 1 io 

operation time (Hr) 



100 



1 5] 




&tt«2-2 



0.1 I 10 100 

current density (mA/cm 1 ) 



1000 



- 11 - 



2 4 3 5 6 7 A) 




[Ell 4] 




2 4 6 8 10 



applied voltage (V) 
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%*W2 0.UU-243& 6 7 (P Z 0 0 0-2 4 3 5 6 7 A) 




{nmmm m mm (n)^mm mi m± 

(72)&H8# 5# 1» (72)38Bjm #j| 

F* — 3K007 AB02 AB03 AB06 AB11 AB18 
CA01 CB01 DA01 DB03 EA02 
EBOO ECOO FA01 
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